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Description
BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a method of
cold rolling steel capable of preventing generation
of edge drop by using tandem cold rolling mill
stands.

Related Art Statement

Hitherto, it has been known that a rapid reduc-
tion in thickness (hereinafter called "edge drop")
can take place in two widthwise ends of a steel
strip during the process of cold-rolling the steel
strip.

This problem can occur due to an axial direc-
tional metal flow generated at the two side end
portions of the steel strip and the oblate surface of
the work roll which comes in contact with the steel
strip. As described, it depends upon the cold roll-
ing conditions.

For overcoming the problem of the edge drop,
there has been available in the prior art a method
which involves tapering end portions of work rolls
for so-called single-end-tapered work rolls disposed
vertically and positioned at the two end portions of
a steel strip, in order that the geometrical shape of
the roll gap is improved.

Another method has been disclosed in Japa-
nese Patent Publication No. 2-4364 in which the
rolling mill including the above-described single-
end-tapered work rolls is mounted on at least the
first stand of the tandem cold rolling mill stands
and a plain work roll is as well as mounted on at
least the final stand on the outlet side.

In addition, another method has been disclosed
in Japanese Patent Laid-Open No. 60-12213 in
which the amount of the edge drop of the steel
strip on the final stand outlet side in the above-
described tandem cold rolling mill stands is mea-
sured, the measured amount of the edge drop and
a target amount of the edge drop are subjected fo
a comparison, and accordingly controlling the
widthwise directional amount of shift of the work
roll having the above-described tapered portion and
the roll bender pressure.

In the above-described method in which the
edge drop is controlled by shifting the single-end-
tapered work rolls, the vertically-disposed work
rolls are shifted by the same distance in the oppos-
ing directions. Therefore, in a case where the
amounts of the edge drop of the steel strip gen-
erated due to the hot rolling operation are different
from each other between the two widthwise end
portions, the edge drop on both sides may not be
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corrected because the same amount of the edge
drop cannot be obtained at the widthwise end
portions by shifting the single-end-tapered work roll
in accordance with one amount of the edge drop
measured by the edge drop gauge with a target
amount of the edge drop. Even worse, is a case
where the amounts of the edge drop generated by
the hot rolling operation are considerably different
from each other between the two widthwise end
portions. The problem cannot be overcome by the
conventional method. The conventional method
may result in a great amount of the edge drop
being generated at one end portion and the occur-
rence of edge-up at another end portion. Further-
more, if the vertically disposed single-end-tapered
work rolls are simultaneously shifted in the same
direction, a contraction and zigzag movement may
take place on the mill inlet side because the steel
strip tends to move in the direction of the work
rolls. For this reason, the conventional method of
correcting edge drop has not satisfactorily over-
come the above-described problems.

In the case where the edge of the steel strip is
not cut in the pickling process, the width deviation
generated in the hot rolling operation is undesirably
maintained.

The position at which the amount of the edge
drop is measured for use in the above-described
cold rolling process, defined by the distance from
the widthwise end portion in the cold rolling pro-
cess, and the position at which the amount of the
edge drop is detected, defined by the distance
from the widthwise end of the final product, are
different from each other due to the above-de-
scribed width deviation when the final product is
obtained by cutting the edge after the cold rolling
process. As a consequence, a product displaying
equal edge drop in its lengthwise direction cannot
always be obtained even if the above-described
control is performed in the cold rolling process.

Furthermore, since the width deviation affects
the occurrence of the edge drop in the cold rolling
process, the change in the edge drop in the cold
rolling process becomes too large even if the
above-described control is performed in the cold
rolling process.

When the number of the stands on which the
rolling mills each having a single-end-tapered work
roll are mounted is not sufficiently large, it takes
time for the portion of the steel strip to be con-
trolled to be conveyed to the final stand outlet side.
The delay exists even if the amount of shift of the
single-end-tapered work roll is changed for the
purpose of reducing the edge drop in the subject
rolling mill. The conventional method cannot cause
a satisfactory response if the disturbance is
changed such that the thickness distribution or
acceleration/deceleration of the rolling mill which
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affects the generation of the edge drop at the time
of the cold rolling process is changed. Therefore,
the amount of the edge drop cannot be maintained
at a constant value in the lengthwise direction of
the steel strip. As a result, the manufactured prod-
uct may display edge drop or edge up at the side
ends of the steel strip.

A method for controlling edge drop having the
features of the first part of claim 1 is known from
JP-A-61-165 215.

It is the object of the present invention to
provide an improved method for controlling edge
drop, which overcomes the foregoing problems.

This object is solved by a method for control-
ling edge drop having the features of claim 1.

Further features and advantages of the inven-
tion will appear more fully when considered in view
of the following drawings and description.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates a control system for an exam-
ple of an edge drop control apparatus according
to an embodiment of the present invention;

Fig. 2 illustrates the concept of improving the
edge drop by means of a single-end-tapered
work roll according to the present invention;

Fig. 3 is a graph which illustrates an example of
the output from an edge drop gauge;

Fig. 4 is a graph which illustrates the relation-
ship between the amount of improvement in the
edge drop and the distance from the taper
shoulder portion of the single-end-tapered work
roll to the widthwise end portion;

Fig. 5 illustrates a configuration of tandem cold
rolling mill stands according to the present in-
vention;

and Figs. 6 to 8 are graphs which illustrate
effects of the improvements in the edge drop
according to the embodiments of the present
invention.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

Fig. 1 illustrates a control system of an edge
drop controlling apparatus 10 for use in an embodi-
ment of an edge drop control method according to
the present invention.

Referring now to Figs. 1 and 2, a tandem cold
rolling mill stands 20 comprises one or more rolling
mills 21 capable of shifting a pair of vertically
disposed and single-end-tapered work rolls 21A
and 21B. The work rolls are arranged in such a
manner that taper portions 30, ground to form a
pointed shape, are positioned on the two side end
edges of a steel strip 1. The rolling mills 21 are
sequentially disposed on one or more stands in-
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cluding a first stand. Furthermore, a rolling mill 22
including a pair of vertically disposed plain rolls
22A and 22B is disposed at least at the final stand
adjacent to the outlet. The rolling mill stands 20 are
provided with edge drop gauges 23 disposed adja-
cent to the outlet of the rolling mill 22 on the final
stand. The edge drop gauges 23 respectively mea-
suring the amount of edge drop on the operation
side and drive side widthwise end portions of the
steel strip 1.

The edge drop gauge 23 is arranged in such a
manner that thickness gauges are disposed at
small intervals along the widthwise direction. The
gauge 23, therefore, detects changes in the thick-
ness of the strip along the widthwise direction. The
gauge 23 then fransmits the offset of the thickness
at a position inside from the end portion of the strip
by a certain distance from a set thickness the edge
drop control unit 10. Fig. 3 is a graph which illus-
trates output values from the operation side edge
drop gauge 23.

The tandem cold rolling mill stands 20 have
shift devices 25 to shift the position of each pair of
vertically disposed and single-end-tapered work
rolls 21A and 21B.

An edge drop control unit 10 comprises an
edge drop computing device 11 and a shift position
computing device 12 for controlling the shift de-
vices 25.

The edge drop computing device 11 computes
the edge drop offset amount Ahed to be controlled
by the edge drop control unit 10 based on the
results of the measurements made by the edge
drop gauge 23 in accordance with equation (1)
below:

Ahgg = (fce - ted) - (10ce - t0ed) (1)
Ahgy = amount of edge drop at the width-
wise end of the steel strip. (mm)
fee = measured thickness at the widthwise
central portion of the steel strip adja-
cent to the outlet side of the final
stand. (mm)
teqg = measured thickness at the widthwise
end portion of the steel strip adja-
cent to the outlet side of the final
stand. (mm)

10ce = target thickness at the widthwise
central portion of the steel strip adja-
cent to the outlet side of the final
stand. (mm)

10eq = target thickness at the widthwise end

portion of the steel strip adjacent to
the outlet side of the final stand.
(mm)
The operation side edge drop offset amount
AhgOp and drive side edge drop offset amount
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Ahg4Dr are calculated from Equation (1). In order to
individually change the shift portions of the single-
end-tapered work rolls 21A and 21B in accordance
with the thus-obtained edge drop offset amounts
AheqOp and AhgyDr, the shift amount ASju for the
upper single-end-tapered work roll 21A and shift
amount ASjd for the lower single-end-tapered work
roll 21B are calculated.

In a case where the upper single-end-tapered
work roll 21A at the stand j is ground to be formed
into a pointed shape facing the operation side with
respect to the operation side edge drop offset
amount Ah.qOp, the shift amount ASju for the
upper single-end-tapered work roll 21A can be cal-
culated from Equation (2) (shifting is assumed fo
be positive in a direction in which the edge drop is
improved):

ASju = 1/£) « 1/tan aju » AhgqOp 2)

the taper angle of the upper single-
end-tapered work roll on the stand j.
¢ = influence coefficient of the geometrical
gap amount (EH; see Fig. 2) at the
edge portion of the stand j with re-
spect to the edge drop amount on the
outlet side of the tandem rolling mill
stands.

In a case where the upper single-end-tapered
work roll 21A is ground to be formed into a pointed
shaft facing the driving side, Ah.qOp can be cal-
culated as Ah4Dr in Equation (1). The shift amount
ASjd for the lower single-end-tapered work roll 21B
at the stand j can similarly be calculated from
Equation (2). Since the single-end-tapered work roll
on the operation side and that on the driving side
are ground to form pointed shapes opposing one
another, the shifting is positive even though the
directions of the shifts are made to oppose one
another in the case where the edge drop is im-
proved in both directions.

Equation (2) is used to calculate the shift
amount when the amount of edge drop is modified
by changing only the amount of shift at only the
stand j. In a case where the edge drop is modified
by the amount of changes of the shifts at more
than one stand, offset amounts Ah.4qOp and Ahg4Dr
for each edge drop offset amount must be distrib-
uted to each of the stands at an arbitrary rate to
perform calculations in accordance with Equation
(2).

The shift position computing device 12 dis-
criminates the result of the computations made by
the edge drop computing device 11 as shown in (a)
and (b) to control the shift devices 25.

(a) In a case where the single-end-tapered work
rolls 21A and 21B do not perform shifting in the
same direction (ASju, ASjd > 0 or ASju, ASjd <

ajuy =
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0), the upper single-end-tapered work roll 21A is
shifted by ASju and the lower single-sided work
roll 21B is shifted by ASjd.

(b) In a case where the single-end-tapered work
rolls 21A and 21B perform shifting in the same
direction (ASju > 0 and ASjd < 0 or ASju < 0
and ASjd > 0) and (1) if |[ASju] > [ASjd|, the
upper single-end-tapered work roll 21A is shifted
before the lower single-end-tapered work roll
21B is shifted. (2) if |ASjd| > [ASjul, the lower
single-end-tapered work roll 21B is shifted be-
fore the upper single-end-tapered work roll 21A
is shifted.

The shift position computing device 12 is used
to make the above-described discrimination. Con-
trol is performed in such a manner that both the
vertically disposed single-end-tapered work rolls
21A and 21B are shifted in opposing directions or
either of the two work rolls 21A or 21B is stopped
and then the remainder roll 21A or 21B is shifted in
the same direction. Therefore, the steel strip 1 is
not applied with force from the vertically disposed
single-end-tapered work rolls 21A and 21B shifting
in the same direction. As a result, the zigzag move-
ment of the steel strip 1 in the widthwise direction
can be prevented.

A modification may be employed where either
of the single-end-tapered work rolls is shifted by
lowering the shifting speed to reduce the force
which will be given to the steel strip 1 from the
single-end-tapered work roll in the widthwise direc-
tion. Furthermore, the thickness gauges may be
disposed adjacent to the inlet portion of the tandem
rolling mill stands 20 as shown in Fig. 1.

The edge drop computing device 11 computes
edge drop offset amount Ahgy to be controlled by
the edge drop control unit 10 from above-described
Equation (1) in accordance with the resulis of the
measurements made by the edge drop gauge 23
and the width gauge 24, respectively. Assuming
that the distance from the widthwise end, which is
set as a predetermined edge drop control position,
is X ¢, the edge drop measurement position x is
changed to a position which can be obtained from
the following Equation (3) where the width is larger
than the set width by AW:

X =X + AW2  (3)

where
X = edge drop measuring position (the
distance from the widthwise end).
Xg = set value of the edge drop control
position.
AW = width offset amount (offset amount

from the set width).
The difference between the measured edge
drop amount and the target edge drop amount at
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the above-described edge drop measuring position
x is transmitted as edge drop offset amount Ahgg,
as shown graphically in Fig. 3.

The shift position computing device 12 obtains
the shift change amount ASj of each of the single-
end-tapered work rolls 21A and 21B in order to
maintain the edge drop offset amount Ahgy com-
puted by the edge drop computing device 11 at
zero. In accordance with thus obtained ASj, the
shift device 25 adjusts the work rolls.

The relationship between the distance from a
taper shoulder portion 31 to a width end 32 of the
single-end-tapered work roll and the improvement
in edge drop is shown in Fig. 4. In a case where
the width is changed in a state where the single-
end-tapered work roll is fixed and the width offset
amount AW is widened, the distance from the taper
shoulder portion 31 of the single-end-tapered work
roll and the width end portion 32 is elongated by
AW/2. Hence, the amount of the improvement is
changed from a state in which the edge drop is
first improved at point a. Therefore, the single-end-
tapered work roll is shifted by an amount cor-
responding to the half width offset amount AW so
that the change in the amount of the improvement
in the edge drop is eliminated while maintaining the
distance from the taper shoulder portion 31 fo the
width end 32. In this case, the shift amount ASj is
expressed by Equation (4):

AS] = AW2 (4

The amount of shift made by the rolling mill
disposed in the upper stream stand must be
changed by the feed/forward method in accordance
with the change in the width measured by the
width gauge 24.

In a case where the above-described two meth-
ods are used simultaneously, the values obtained
from Equations (2) and (3) are added to each other
and the shift amount ASj is then subtracted.

Another structure may be employed in which
the tandem cold rolling mill stands 20 are provided
with edge drop gauges 23' along the widthwise
ends of the steel strip 1. The gauges 23' are
disposed on the operation and driving sides of the
outlet side of the final stand (stand i) of the stands
having the rolling mills 21 capable of shifting verti-
cally disposed single-end-tapered work rolls 21A
and 21B.

The edge drop control unit 10 comprises the
shift position computing device 11 on the outlet
side of the stand i and a target edge drop comput-
ing device 12.

The shift position computing device 12 obtains
edge drop offset Ahgq; between the measured edge
drop on the outlet side of the stand i and the target
edge drop on the above-described outlet side of
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the stand i in accordance with the results of the
measurement made by the edge drop gauge 23"
Furthermore, shift change amount ASj to be given
to each shift device 25 for the first to the i-th
stands is determined by Equation (5) in order to
maintain the amount of edge drop on the outlet
side of the stand i in accordance with Ahgg;.

ASj = i/tji  Ahegitanaj  (5)

where
aj; taper angle at the tapered portion of the
work roll at the stand j.
&ji; influence coefficient of the geometrical

gap (EH; see Fig. 2) of the edge portion
at the stand j with respect to the amount
of the edge drop between the outlet side
stands of the stand i.

Improved control response is thereby obtained
because the shift device 25 and the edge drop
gauge 23' are positioned closer to each other. A
desired control effect can be obtained even if the
thickness at the widthwise end portion of the steel
strip or the operational condition of the rolling mill
is changed as in the case of a speed acceleration
or deceleration. However, the control performed in
accordance with Equation (5) serves only to main-
tain the edge drop on the outlet side of the stand i.
The steel strip 1 is caused to pass through the
plain roll-shaped rolling mill group so that the edge
drop of the cold rolled product is measured at the
above-described tandem outlet side. The ftarget
edge drop computing device 11 obtains the edge
drop offset Ahedn between the measured edge
drop on the tandem outlet side and the measured
edge drop in accordance with the result of the
measurement made by the edge drop gauge 23' in
order to make coincide the edge drop of the cold
rolled product with a target edge drop. In accor-
dance with Ahedn thus-obtained, target edge drop,
changed amount Ahedi between the stand i outlet
side stands is transmitted to the edge drop control
system which corresponds to the stand i outlet side
stands.

The target edge drop changed amount Ahedi
can be computed by the following Equation (6):

Ahedi = 1/§'| . Ahedn (6)

where
&i; influence coefficient of the amount of the
edge drop between stand i outlet side
stands upon the amount of the edge drop
on the tandem outlet side.

As described above, the edge drop gauge 23’
is disposed on the stand i outlet side, thereby
permitting improved edge drop control response.
Furthermore, since the tandem outlet side edge
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drop gauge 23 is present, control can be per-
formed while maintaining the edge drop as the cold
rolled product.

[Example 1]

A steel strip having a width of 1100 mm and a
thickness of 2.6 mm was cold-rolled to reduce its
thickness to 0.3 mm by a five stand tandem cold
rolling mill as shown in Fig. 5. A rolling mill capable
of shifting a single-end-tapered work roll in the
widthwise direction was mounted on a No. 1 stand,
while disposing an edge drop gauge on the final
stand outlet side. According to this example, the
operation side of the upper single-end-tapered
work roll was ground to form a pointed shape and
the drive side of the lower single-end-tapered work
roll was also ground to form a pointed shape.

The following rolling operations were then per-
formed: a conventional control method in which the
vertically disposed single-end-tapered work rolls at
the No. 1 stand was shifted in opposing directions
by the same quantity in order to make coincide the
average value of the edge drop at the two width-
wise ends on the operation side and the drive side
with a target value; and a control method according
to the present invention in which the single-end-
tapered work rolls on the No. 1 stand were individ-
ually shifted in the same direction in order to make
the edge drop on the operation side and that on
the drive side individually coincide with the target
value in such a manner that the vertically disposed
rolls were not shifted simultaneously.

Fig. 6 illustrates the edge drop offset on the
operation side and that on the drive side at the
outlet of the tandem rolling mill stands, the amount
of shift of the single-end-tapered work roll (shifting
toward the drive side is assumed to be positive)
and the amount of off-center of the steel strip on
the No.1 stand outlet (off-center toward the drive
side is assumed to be positive). According to the
conventional method, the control was simply per-
formed so that the average value of the edge drop
on the two widthwise ends would coincide with the
target value. Therefore, an edge drop offset of + 3
fo + 5 um was generated on the operation side
and that of - 3 to - 5 um was generated on the
drive side. According to the method of the present
invention, both of the single-end-tapered work rolls
were shifted toward the drive side in order to
eliminate the above-described offset. The vertically
disposed single-end-tapered work rolls were shifted
one at a time to prevent moving the workpiece fo
be rolled off-center. The difference in the edge
drop between the operation side and the drive side
were eliminated and both the operation side and
the drive side were controlled relative to the target
value, thereby causing the offset to be substantially
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eliminated.
[Example 2]

A mother strip having a width of 1100 mm and
a thickness of 2.6 mm was cold-rolled to reduce its
thickness to 0.3 mm by a five stand tandem cold
rolling mill as shown in Fig. 5. A rolling mill capable
of shifting the single-end-tapered work roll in the
widthwise direction was disposed on the No. 1
stand, the edge drop gauge was then disposed on
the final stand outlet and the width gauge was
disposed on the tandem rolling mill inlet side.

The following rolling operations were then per-
formed: a conventional method in which control
was performed by using only the output from the
edge drop gauge on the final stand outlet side; and
a method according to the present invention in
which control was performed by using the output
from the edge drop gauge. The gauge oufput was
taken after the position at which the edge drop was
changed in accordance with the width offset mea-
sured by the width gauge disposed on the tandem
rolling mill input side to maintain the distance from
the taper shoulder portion of the single-end-tapered
work roll to the widthwise end at a predetermined
distance.

Fig. 7 illustrates the edge drop offset at the
time of the rolling operation, the width offset, and
the edge drop offset after the edge has been cut
(the steel strip was conveyed at the same speed as
that at the time of the above-described rolling op-
eration to make each position coincide with each
other). According to the conventional method, the
edge drop at the positions of the same distance
from the widthwise end are measured to perform
the control even if there is width offset. Therefore,
control is performed in such a manner that the
edge drop at a position further adjacent to the
widthwise end is the target value rather than the
instructed control position for the final product if
the width becomes larger. As a result, the edge
drop becomes smaller than the target value at the
instructed control position, causing the offset to
deviate considerably toward a positive value (as for
the thickness, it becomes thicker). According to the
present invention, the position at which the edge
drop is measured in accordance with the width
offset and the taper shoulder position of the single-
end-tapered work roll is changed in accordance
with the width change. Therefore, the edge drop on
the cold rolling mill outlet side can be decreased.
Furthermore, since the edge drop is measured at
the same position as the cold rolling mill outlet
side, after the edge cutting, the edge drop offset
after edge cutting can also be reduced.
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[Example 3]

A mother strip having a width of 1100 mm and
a thickness of 2.6 mm was cold-rolled to reduce
the thickness to 0.3 mm by a five stand tandem
cold rolling mill as shown in Fig. 5.

The rolling mill capable of shifting the single-
end-tapered work roll along the widthwise direction
of the strip was mounted on the No. 1 stand. Edge
drop gauges were disposed on the No. 1 stand
outlet side and the final stand outlet side, respec-
fively.

The following rolling operations were then per-
formed: a conventional method in which control
was performed by using only the edge drop gauge
disposed on the final stand outlet side; and a
method according to the present invention in which
two edge drop gauges were disposed on the final
stand outlet side and the No. 1 stand outlet side,
respectively. The edge drop between the No. 1
stand outlet side stands was maintained at a con-
stant value and a correction was performed so as
to prevent any deviation of the edge drop on the
final stand outlet side.

Fig. 8 illustrates the rolling speed, the output
from the edge drop gauge at the No. 1 stand and
at the final stand and the time sequential change in
the target value. According to the conventional
method, the amount of the edge drop considerably
increases in the steel strip (at the leading portion of
the hot rolled plate) immediately after passing the
weld point. The edge drop on the No. 5 stand
outlet side cannot reach the target value because
the control response is too slow. Furthermore, the
change in the edge drop due to the change in the
coefficient of friction and the rolling load in the
speed accelerated/decelerated region becomes ex-
cessively large. According to the present invention,
however, an improvement was realized in the rate
of change in the edge drop immediately after pass-
ing the weld point, thereby causing the offset to be
reduced. Furthermore, the target edge drop on the
No. 1 stand outlet is changed by the edge drop
gauge on the No. 5 stand outlet side so that the
edge drop on the No. 5 stand outlet side was
included in the target value range. Since the target
edge drop between the No. 1 stand outlet side
stands was corrected at the next weld point, the
amount of the target edge drop on the No. 5 stand
outlet side reached a target value when the edge
drop between the No. 1 stand outlet side stands
had reached the target value.

As described above, according to the present
invention, the offset of the edge drop at the width-
wise ends can be eliminated and the edge drop
made uniform along the lengthwise direction. In
addition, a cold-rolled product exhibiting a reduced
thickness offset in the widthwise direction can stab-

10

15

20

25

30

35

40

45

50

55

ly be manufactured while preventing the occur-
rence of operational problems such as contraction
of the work-piece.

Although the invention has been described in
its preferred form with a certain degree of particu-
larly, it is understood that the present disclosure of
the preferred embodiment may be changed in the
details of construction and the combination and
arrangement of parts without departing from the
scope of the invention as defined by the appended
claims.

Claims

1. A method for controlling edge drop in a cold
rolling operation using tandem cold rolling mill
stands (20) including a pair of vertically dis-
posed single-end-tapered work rolls (21A,21B)
which have tapered end portions (30) and
which are sequentially mounted on one or
more stands including at least a first stand and
a pair of vertically disposed plain rolls
(22A,22B) are mounted on at least a final
stand, whereby cold rolling is performed so
that the thickness offset in the widthwise direc-
tion of the steel strip (1) is controlled by ad-
justing the position of said single-end-tapered
work rolls (21A,21B),
characterized by
the steps of:
measuring the width of said steel strip at the
inlet side of said single-end-tapered work rolls
(21A,21B) and axially shifting each single-end-
tapered work roll (21A,21B) in accordance with
the measured width in such a manner as fo
maintain a predetermined positional relation-
ship between the tapered end of each single-
end-tapered work roll (21A,21B) and a respec-
tive adjacent widthwise end of said steel strip;
measuring an amount of edge drop appearing
on each widthwise end of said steel strip at the
outlet side of said single-end-tapered work
rolls (21A,21B), while axially changing a posi-
tion of measurements of the edge drop amount
on each widthwise end of said steel strip on
the basis of the difference between the mea-
sured width and a final target width;
determining, in accordance with the following
equation (1), an amount of offset of the edge
drop amount from a final farget edge drop
amount at said outlet side of said single-end-
tapered work rolls; and
controlling amounts of axial shifts of said sin-
gle-end-tapered work rolls of each rolling stand
independently of each other on the basis of the
determined amount of offset of edge drop;

Ahed = (tce -ted) - (foce - toed) (1)
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Ahed = amount of edge drop at the
widthwise end of the steel strip.
(mm)

measured thickness at the
widthwise central portion of the
steel strip adjacent to the outlet
side of the final stand. (mm)
measured thickness at the
widthwise end portion of the
steel strip adjacent to the outlet
side of the final stand. (mm)
target thickness at the width-
wise central portion of the steel
strip adjacent to the outlet side
of the final stand. (mm)

target thickness at the width-
wise end portion of the steel
strip adjacent to the outlet side
of the final stand. (mm)

fce =

ted =

toce

toed

A method as claimed in claim 1, wherein, in a
case where both amounts of edge drop offsets
at said widthwise ends are plus values or mi-
nus values, said vertically-disposed single-end-
tapered work rolls (21A,21B) are individually
shifted in opposite roll-axis directions in accor-
dance with each amount of the edge drop
offset and, in a case where one of the amounts
of the edge drop offsets is a plus value while
the other is a minus value, both of said verti-
cally-disposed single-end-tapered work rolls
(21A,21B) are shifted in the same roll-axis di-
rection.

A method as claimed in claim 1, wherein the
target edge drop amount at the outlet side of
said single-end-tapered work rolls (21A,21B) is
changed on the basis of an amount of edge
drop on each widthwise end of said steel strip
as measured at said outlet side of said plain
rolls (22A,22B), and the amounts of axial shifts
of said single-end-tapered work rolls (21A,21B)
is controlled independently of each other on
the basis of the amount of offset of edge drop
determined at the outlet side of the single-end-
tapered work rolls (21A,21B).

Patentanspriiche

1.

Verfahren zur Regelung der Kantenabsenkung
beim Kaltwalzen von Stahl unter Verwendung
eines Tandemkaltwalzwerkes (20) mit einem
Paar vertikal angeordneter einseitig konisch zu-
laufender Arbeitswalzen (21A,21B), welche ko-
nisch zulaufende Endteile (30) aufweisen und
welche nachfolgend auf einem oder mehreren
Stdnden mit wenigstens einem ersten Stand
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angebracht sind und ein Paar ebene Walzen
(22A,22B) auf wenigstens einem letzten Stand
angebracht sind, wobei das Kaltwalzen derart
ausgeflihrt wird, daB der Versatz in der Dicke
in Richtung der Breite des Stahlstreifens (1)
durch Anpassen der Position der einseitig ko-
nisch zulaufenden Arbeitswalzen (21A,21B) ge-
regelt wird, gekennzeichnet durch Messen
der Breite des Stahlstreifens an der Eingangs-
seite der einseitig konisch zulaufenden Arbeits-
walzen (21A,21B) und axiale Verschiebung je-
der einseitig konisch zulaufenden Arbeitswalze
(21A,21B) in Ubereinstimmung mit der gemes-
senen Breite derart, daB eine vorbestimmte
Positionsbeziehung zwischen dem konischen
Ende jeder einseitig konischen Arbeitswalze
(21A,21B) und einem entsprechenden angren-
zenden breitenmiBigen Ende des Stahlistrei-
fens aufrechterhalten wird, Messen einer Grd-
Be der Kantenabsenkung, welche an jedem
breitenm&Bigen Ende des Stahlistreifens an der
AuslaBseite der einseitig konischen Arbeitswal-
zen (21A,21B) auftritt, wihrend eine MeBposi-
tion der KantenabsenkungsgréBe an jedem
breitenm&Bigen Ende des Stahlstreifens auf
der Grundlage des Unterschiedes zwischen
der gemessenen Breite und einer endgliltigen
Sollbreite axial verschoben wird, Bestimmen
einer GrbBe des Versatzes der Kantenabsen-
kungsgr6Be von einer endgliltigen Sollkanten-
absenkungsgrbBe an der AuslaBseite der ein-
seitig konischen Arbeitswalzen in Ubereinstim-
mung mit der folgenden Gleichung (1) und
Regelung der GrdBen der axialen Verschie-
bung der einseitig konischen Arbeitsrollen je-
des Walzstandes unabhingig voneinander auf
der Grundlage der bestimmten Gr&Be des Ver-
satzes der Kantenabsenkung.

Ahed = (ice - ted) - (toce - toed) (1)

Ahed = GroBe der Kantenabsenkung an
dem breitenmiBigen Ende des
Stahlstreifens. (mm)
Gemessene Dicke an dem brei-
tenmiBigen Mittelteil des Stahl-
streifens angrenzend zu der
AuslaBseite des Endstandes.
(mm)

Gemessene Dicke an dem brei-
tenmiBigen Endteil des Stahl-
streifens angrenzend zu der
AuslaBseite des Endstandes.
(mm)

Solldicke an dem breitenm&Bi-
gen Mittelteil des Stahlstreifens
angrenzend zu der AuslaBseite
des Endstandes. (mm)

fce =

ted =

toce =
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Solldicke an dem breitenmBi-
gen Endteil des Stahlstreifens
angrenzend zu der AuslaBseite
des Endstandes. (mm)

toed =

Verfahren nach Anspruch 1, wobei in einem
Fall, daB beide GroBen des Versatzes der Kan-
tenabsenkung an den breitenmiBigen Enden
Pluswerte oder Minuswerte sind, die vertikal
angeordneten einseitig konischen Arbeitswal-
zen (21A,21B) individuell in entgegengesetzie
Walzachsenrichtungen in Ubereinstimmung mit
jeder GroBe des Kantenabsenkungsversatzes
verschoben werden und falls eine der Gr&Ben
des Kantenabsenkungsversatzes ein Pluswert
ist widhrend die andere GrdBe ein Minuswert
ist, beide der vertikal angeordneten einseitig
konischen Arbeitswalzen (21A,21B) in die glei-
che Walzachsenrichtung verschoben werden.

Verfahren nach Anspruch 1, wobei die Sollkan-
tenabsenkungsgréfe an der AuslaBseite der
einseitig konischen Arbeitswalzen (21A,21B)
auf der Grundlage einer Gr&8e der Kantenab-
senkung an jedem breitenmiBigen Ende des
Stahlstreifens, wie an der AuslaBseite der ebe-
nen Walzen (22A,22B) gemessen, gedndert
wird und die GroBen der axialen Verschiebung
der  einseitig konischen  Arbeitswalzen
(21A,21B) unabhingig voneinander auf der
Grundlage der Gr&Be des Versatzes der Kan-
tenabsenkung, welche an der AuslaBseite der
einseitig konischen Arbeitswalzen (21A,21B)
bestimmt wird, geregelt wird.

Revendications

Procédé pour conitrbler la chute d'épaisseur au
bord dans une opération de laminage A froid
utilisant des stations de laminage & froid (20)
comprenant une paire de cylindres de travail a
une exirémité conique (21A, 21B) disposés
verticalement qui ont des extrémités coniques
(30) et qui sont séquentiellement montés sur
une ou plusieurs stations comprenant au moins
une premiére station et une paire de cylindres
lisses disposés verticalement (22A, 22B) qui
sont montés sur au moins la station finale,
dans lequel le laminage 2 froid s'effectue de
telle sorte que le décalage d'épaisseur dans le
sens de la largeur du feuillard d'acier (1) est
contr6lé en réglant la position desdits cylin-
dres de travail & une exirémité conique (21A,
21B),

caractérisé par

les étapes consistant 2 :

mesurer la largeur dudit feuillard d'acier 2 I'en-
trée desdits cylindres de travail & une exirémi-
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€ conique (21A, 21B) et décaler axialement
chaque cylindre de fravail & une exirémité
conique (21A, 21B) selon la largeur mesurée
en faisant en sorte de conserver une relation
de position prédéterminée entre I'exirémité
conique de chaque cylindre de travail & une
extrémité conique (21A, 21B) et I'exirémité
correspondante adjacente dans le sens de la
largeur dudit feuillard d'acier;
mesurer la valeur de chute d'épaisseur au
bord apparaissant & chaque extremité dans le
sens de la largeur dudit feuillard d'acier en
sortie desdits cylindres de travail & une exiré-
mité conique (21A, 21B), tout en modifiant la
position des mesures de la valeur de chute
d'épaisseur au bord & chaque exirémité dans
le sens de la largeur dudit feuillard d'acier en
se basant sur la différence entre la largeur
mesurée et une valeur cible de la largeur;
déterminer, selon I'équation suivante (1), la va-
leur du décalage de la chute d'épaisseur au
bord par rapport & une valeur de chute
d'épaisseur au bord cible finale en ladite sortie
desdits cylindres de ftravail 3 une exirémité
conique; et
contrbler les valeurs des déplacements axiaux
desdits cylindres de ftravail 3 une exirémité
conique de chaque station de laminage indé-
pendamment l'une de l'autre en se basant sur
la valeur déterminée du décalage de la chute
d'épaisseur au bord;
Ahed = (ice - ted) - (toce - toed) (1)
Ahed = valeur de la de chute d'épais-
seur au bord & 'extrémité dans
le sens de la largeur du feuillard
d'acier. (mm)
fce = épaisseur mesurée a la partie
centrale dans le sens de la lar-
geur du feuillard d'acier adja-
cent 3 la sortie de la station
finale (mm)

ted = épaisseur mesurée a l'exirémité
dans le sens de la largeur du
feuillard d'acier adjacent a la
sortie de la station finale. (mm)

toce = épaisseur cible & la partie cen-
trale dans le sens de la largeur
du feuillard d'acier adjacent a la
sortie de la station finale. (mm)

toed = épaisseur cible a [I'exirémité

dans le sens de la largeur du
feuillard d'acier adjacent a la
sortie de la station finale. (mm)

Procédé selon la Revendication 1, dans lequel
dans le cas ol les deux valeurs de décalages
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de chute d'épaisseur au bord sur lesdites ex-
trémités dans le sens de la largeur sont des
valeurs positives ou négatives, lesdits cylin-
dres de travail & une exirémité conique (21A,
21B) disposés verticalement sont décalés indi-
viduellement dans le sens opposé des axes de
cylindres selon chaque valeur de décalage de
chute d'épaisseur au bord et, dans le cas ol
une des valeurs de décalages de chute
d'épaisseur au bord est une valeur positive
alors que l'autre est une valeur négative, les
deux cylindres de travail & une extrémité coni-
que (21A, 21B) disposés verticalement sont
décalés dans le méme sens de l'axe du cylin-
dre

Procédé selon la revendication 1, dans laquelle
la valeur cible de chute d'épaisseur au bord en
sortie desdits cylindres de travail & une exiré-
mité conique (21A, 21B) est modifiée en se
basant sur la valeur de chute d'épaisseur au
bord de chaque exirémiié dans le sens de la
largeur dudit feuillard d'acier telle qu'elle est
mesurée en ladite sortie desdiis cylindres lis-
ses (22A, 22B), et ol les valeurs des déplace-
ments axiaux desdits cylindres de travail 3 une
extrémité conique (21A, 21B) sont conirblées
indépendamment les unes des autres en se
basant sur la valeur de décalage de chute
d'épaisseur au bord déterminée en sortie des
cylindres de travail & une extrémité conique
(21A, 21B).
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